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EXPLORATION FOR URANIUM-VANADIUM DEPOSITS IN LONG PARK AND ADJACENT
AREAS IN THE SOUTHERN PART OF THE URAVAN DISTRICT,

MONTROSE COUNTY, COLORADO
By R. L. Boardman, H. E. Bowers, L. R. Litsey, and C. T. Sumsion
ABSTRACT AND SUMMARY

Between April 21, 1949, and August 20, 1955, the U. S. Geological
Survey explored the southern part of the Uravan district for uranium-
vanadium deposits with 1,400 diamond-drill holes that totaled 489,567 feet.
The explored area includes Long Park and adjoining ground north, east, and
southeast; Third Park and adjoining bench; and the Second Park bench,
Montrose County, Colo.

The rocks exposed in this area are gently dipping marine and ter-
restial formations ranging in age from late Paleozoic to late Mesozoic.

The explored area.is on the northeast flank of the Paradox salt anticline,

Most known uranium-vanadium deposits in the southern part of the
district are in sandstone units in the upper part of the Salt Wash member
of the Morrison formation of Jurassic age. Ore bodies range in size from
small irregular masses that contain a few tons of ore to large tabular
masses that contain several thousand tons of ore. Mineralized rock iies
essentially parallel to the sandstone beds but does not follow the beds in
detail. Most mineralized rock at or near the surface is sandstone impregnated
by carnotite and Yanadium hydromica. At greater depths, the uranium and vanadium
minerals are principally uraninite(?), coffinite, corvusite, and montroseite,
In most deposits uranium and vanadium minerals also impregnate mudstone and

impregnate or replace carbonaceous material.
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The origin of the ore and the factors that controlled its localization
remain undetermined. Priméry sedimentary structures in the ore-bearing
sandstone layers apparently are closely related to localization of ore. The
long axes of ore bodies and the trends of areas of favorable ground are
nearly parallel to the strike of primary sedimentary structures. No relation
has been found between fractures and trends or features related to ore. The
concept of the Uravan mineral belt is supported by results of exploration and
geologic studies in the district.

Near uranium-vanadium deposits the enclosing sandstone is lenticular,

25 feet or more thick, light brown or light gray, and commonly contains

more carbonaceous material and disseminated pyrite or limonite than sandstone
away from ore deposits., Mudstone and siltstone in contact with ore-bearing
sandstone near deposits are generally green or gray instead of red or red
brown as they are away from ore. Although each of these features is-useful as
a guide to ore,they are most useful as guides where they can be evaluated
together. Abnormally low background radiocactivity of ore-bearing sandstone and
adjacent mudstone and siltstone, as shown on gamma-ray logs of drill holes, is
believed to preclude the likelihood of ore deposits nearby, regardless of the
presence of other favorable geologic features.

Indicated and inferred reserves of Class I material (rock 1 foot or more
thick containing 0.10 percent or more U308 or 1.0 percent or more V205)
discovered by U, S. Geological Survey drilling in the southern part of
the Uravan districet total about 250,800 short tons averagimg 0.31 percent
U30q and 2,0k p@rcent«Vépg, About . 75: percent of these reserves is in
public land; the remainder is in mining claims. Indicated and in-
ferred reserves of €lass II materisl (rock 1 foot or more thick con-

taining 0.05 percent or more U308 or 0.50 percent or more V205)found
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by this drilling total about 415,600 short tons averaging 0.23 percent
U308 and 1.53 percent V205‘ Potential reserves of Class I material in
the southern part of the Uravan district are estimated to be about 110,000
short tons averaging 0.25 percent UBOSand 1.50 percent V;05. Indicated
and inferred reserves of Class II material include all such reserves of
Class I material.

No additional exploration is planned in the Uravan district by the
U. S. Geological Survey. Geologic data from Survey drill holes in the
district will be compiled on maps for publication, and a U. S. Geological
Survey bulletin will be prepared on the geology and ore deposits in the
district. OSurface drilling and underground exploration, by mining claim

owners and lessees, are recommended in the most favorable ground to develop

additional reserves and find new deposits.
INTRODUCTION

Between April 21, 1949, and August 20, 1955, the U, S. Geological
Survey explored tne southern part of the Uravan district for uranium-
vanadium deposits by diamond drilling. This drilling was done to find new
minable uranium-vanadium deposits and to appraise the uranium-vanadium
reserves in the area.

The expiored ground lies south and southeast of Uravan (fig. 1) and
is in Tps. 46 and 47 N., Rs, 16 and 17 W., New Mexico principal meridian,
Montrose County, Colo. Included in the area are Long Park and adjoining
ground north, east, and southeast; Third Park and adjoining bench; and the
Second Park bench (fig. 2)., The explored ground southwest of the San Miguel

River (fig. 2) is referred to as the Long Park area in this report.
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Altitudes in the southern part of the Uravan district range from
about 5,000 feet along the San Miguel River to about 7,000 feet along the
northeast rim of Paradox Valley. The area is in the youthful stage of the
erosional cycle. Steep canyons and high mesas make access difficult in some
places. Vegetation consists of juniper and pinyon on the rock outcrops and
sage on alluviai flats. The climate is semiarid. The nearest dep?ndable
source of water is the San Miguel River, which flows northwest through the
northeast part of the explored area.

Access to drill sites and mines is provided by a network of semi-
improved and unimproved secondary roads from Uravan and from Colorado
Highways 90 and 141, south of Uravan (fig. 1). The Union Carbide Nuclear
Company mill at Uravan and the Vanadium Corporation of America mill 2 miles
west of Naturita are the closest processing plants (fig. 1).

About 80 percent of the explored area is covered by mining claims;
the remainder is public land that has bgen withdrawn by the Govermment from
mineral entry and includes three blocks‘éf Government-leased ground.

Known production of uranium-vanadium ore through September 30, 1955,
from the southern part of the Uravan district totals about 444,500 short
tons averaging 0.33 percent U308 and 1.93 percent V205 (table 1). All .but
about 100 short tons of the ore produced is from mines in the Long Park area.
The production by mining claims of uranium-vanadium ore from the southern
part of the Uravan district between February 1951 and September 1955 is
listed in table 2, Ore was first produced in 1911 when the Standard
Chemical Gompany began mining and milling for radium. These operations
continued until 1923 when a drop in the market price of radium caused a

general shutdown on the Colorado Plateau. Mining and milling were renewed
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Teble 1.--Production of ureaniwm-venadium ore from the southern
part of the Uravan district, Montrose Coumty, Colo.;
1911 ~ September 1955. .

Period Ore Grade in percent

(short tons) U308 V205

1911 - 19458/ | a3,u77 0.30 b/ 1.77

1946 - 1947 No data (No significant production)

1948 - Jan. 1951 ¢/ 59,095 &/ 0.36 2.57

Peb. 1951 - Sept. 1955 ¢/ 171,922 0.35 1.92

* Rounded total and - Uhk 500 0.33 1.93
veighted averages .

a/ Data from Smith (1946).

b/ Estimated on the basis of & 1:6 ratio of U308:Vg0s, .

¢/ Date from Stephens and Ekren (1952).

4/ Includes 15,375 shdrt tons produced from Bitter Creek group
of claims and not reported by Stephens and Ekren (1952).

¢/ Data from the Grand Junction Operetions Office, Production

“" pivision, U. 8. Atomic Energy Commission, Grand Jumction,

Coloredo.
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Uraven district, Montrose County, Colo.; February 1951 - September 195

-

Ore Percent2/ Pounds3/
Mining Claim (short tons) >
U308 V305 U30g V205
Begger 57.51 0.06 0.54 65 . a8
Bitter Creek 11,216.79 0.2k 2.29 5k, 2k 514,481
Black Dinah 361.09 0.20 1.59 1, kb 11,483
Blackfoot 805.36 0.28 1.59 4,505 25,666
c. P. C. 2,204.56 0.36 2.00 15,812 88, 399
Coloredium 1,331.29 0.%0 2.13 10,520 56,694
Cripple Creek 113.20 0.33 2.68 h5 6,068
Dan Patch 161.35 0.69 2.9 2,242 8,030
Donald L 16,717.83 0.40 2.04 132,81 682,006
Double Jack No. 1 96.04 0.19 1.3 359 2,600
Dusty 1,2%9.11 0.39 1.65 9,730 41,186
Pairy King 1.28 2.54 1.68 65 b3
Pirecrscker 670.35 0.hk 2.32 5,851 31,056
Pirst National Bank 6,620.86 0.35 1.49 46,047 197,885
Florence Nellie 233.11 0.37 1.66 1,725 7,739
45 - 90 17.10 0.27 1.9% 92 663
Good Hope 502.5k 0.33 2.20 3,326 22,149
Great Western 3,567.39 0.32 1.43 22,698 101,791
Guadalcanal 761.01 0.4o 2.3 6,128 35,167
Henry Clay 2,655.05 0.47 2.20 25,120 116,873
Hidden Basin 7,500.30 0.33 1.43 k9,426 214,666
Honeymoon 3,057.98 0.38 1.66 23,40k 101,767
Long Park No. 1 1k,571.22 0.39 2.90 113,228 8lls, 285
Long Park No. 6 13,415.87 0.43 1.79 115,271 k80,459
Long Park No. 10 1,215.2k4 0.32 1.69 7,718 k1,075
Long Park No. 12 5,348.03 0.47 2.00 k9,818 214,107
Long Park No. 13 75.T1 0.37 2.08 560 3,150
Maggie C 350.48 0.99 3.6 6,919 25,h9k

1/ Data from the Production Division, Grand Junction Operations Office, U. 3. Atomic

Energy Commission, Grend Junction, Colo.

2/ Caleulated from tonnage of ore and recoverable axide as listed im U. 8. Atomic Energy

Commd.ssion recoxds.

3/ Pounds of recoverable Uy0g and V,0s.
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Table 2.~--Production by mining claim of urenium-vensadium ore from the

W County,

southern part of the Urevan district,
Colo.; Febyuary 1951 - September 1955

Ore Percent2/ Pounds3d/
M¥ining Claim (short tons) Ux08 V205 U30p V205

Media 176.79 0.37 1.73 1,313 6,102
Minerel Park Ko. 5 1,338.52 0.39 2.62 10,390 70,061
Mining Lease No. 1k 6,544 .30 0.29 2.07 38,497 270,746
Mining Lease No. 15 195.59 0.50 1.77 1,959 6,933
Mining Lease No. 23 8,266.62 0.29 1.54 47,988 255,040
Mocnbean b,662.70 0.37 2.07 3,828 192,81
Baturita Fo. b 5.49 0.08 0.8 9 98
Faturita Fo. 11 9.75 0.16 1.62 3 315
Raturita No. 2k 31.15 0.08 0.85 52 5e7
Paradox Belle 12.18 0.64 2.11 157 515
Paradox View 25.k2 0.66 b.o2 336 2,04h
Paradox View No. 1 11.h4 2.h0 23.hk0 550 5,355
Parsdox Viev No. 2 10.87 0.38 2.6 83 535
Phonograph 10.96 0.3 1.53 75 335
Production h,585.67 0.39 1.6 35,484 | 150,278
Rattlesnake 1,k63.22 0.39 1.80 11,366 52, T4
Rattlesnake No. 1 60.k0 0.l 2.27 Lok 2,737
Rattlesnake No. 2 60.2h 0.35 2.22 h23 2,678
Red Pox 30.13 0.21 1.25 125 756
Republicen 24,926.94 0.34 1.43 17,878 T12,hk22
8t. Patrick 5,293.09 0.29 1.10 30,935 116,697
Sphinx 1,971.81 0.37 1.73 14,46 68,116
TNT Fo. 1 1,246.07 0.33 1.72 8,202 k2,797
TNT ¥o. 3 91..41 0.45 1.57 826 2,878
Triangulation 5,516.48 0.32 2.38 35,173 262,640
Tripod 930.59 0.37 2.10 6,903 39,154
Valley View 10.66 0.11 1.31 23 279
Venadium King 3,800.47 0.32 3.57 2k, 211 271,707
Virgin No. 3 3,060.57 0.26 1.64 ‘15,997 100,261
Whitney 2,694.58 0.25 1.80 13,518 96,785
Totals and weighted

averages _ 171,921.76 0.35 1.92 1,216,300 6,609,916
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in 1936 for the production of vanadium. By 1944 mining tapered off

because of the decreasing demand for ferro-vanadium alloys, and very little
ore was produced until 1948. During the winter of 1949-50, the mill at
Qravan was renovated by the United States Vanadium Company (now the Union
Carbide Nuclear Company), and since that time the mill has been in operation

for the recovery of both uranium and vanadium.

Of the 98,094 short tons of ore mined between October 1, 1953, and
September 30, 1955, 25,741 short tons came from deposits discovered by
U. S. Geological Survey drilling.

Surface drilling and underground drilling and drifting are the
methods of exploration used by mining claim owners and lessees to guide
mining and to find new deposits. Private industry has done about 1,000,000
feet of surface diamond and wagon drilling in the southern part of the
Uravan district.

In addition to the authors, many U. S. Geological Survey geologists
contributed to the Survey's exploration program in the southern part of
the district. E. B. Ekren made detailed rim studies of the ore-bearing
sandstone beds, and H. G. Stephens and W. D. Carter directed exploration
wqu during early stgges of the program.

| This report summarizes results of the U. S. Geological Survey's
exploration program andvcontains a description of the geology and ore
deposits in the southern part of the Uravan district. This report is
based on work done on behalf of the Division of Raw Materials of the

U. S. Atomic Energy Commission.
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GENERAL GEOLOGY

The rocks exposed in the southern part of the Uravan district are gently
dipping marine and terrestrial formations ranging in age from late Paleozoic
to late Mesozoic. Quaternary alluvium and landslide material, and Pleistocene
gravel terraces are present locally. A general description of the sedimentary
beds exposed in the Uravan district has been given by Fischer (1942).

All known uranium-vanadium deposits in the district are in the Morrison
formation of Late Jurassic age except for one small prospect in a conglomerate
bed in the overlying Burro Canyon formation of Cretaceous age. The stratigraphy
of the Morrison formation has been described in detail by Craig and others (1955).
In the Uravan district the Morrison formation in divided into the Salt Wash
member and the overlying Brushy Basin member. Important data relative to this
formation in the district are summarized below.

The geology of the southernmost part of the explored area has been reported

by Cater (1955a and b), and Cater and others (1955).

Stratligraphy

Morrison formation

Salt Wash member.-- The Salt Wash member averages about 300 feet in thickness

and is composed of terrestrial sandstone, siltstone, and mudstone beds. Sandstone
beds constitute about 50 percent of the Salt Wash section in the district,
although the ratio of sandstone to mudstone and siltstone varies considerably in
short distances. Commonly, 3 to 5 sandstone units, each 20 feet or more thick,
are prominent along the outcrop of the Salt Wash. These units range from a few

hundred feet to several thousand feet in horizontal extent.
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The prominent sandstone unit or units in the upper 100 feet of the
Salt Wash member contain the largest uranium-vanadium deposits in the
district; more than 95 percent of the ore produced has been from this
stratigraphic zone. Most of the sandstones in this zone are crossbedded
and are medium-fine to fine-grained. In many places they are quartzitic
and grade to quartzite. The sandstones are light brown, light gray, iight
red, or white and contain varying amounts of limonite or disseminated pyrite,
and carbonaceous material,

Mudstone and siltstone in contact with upper sandstone wuriits of the
Salt Wash are generally red-brown, gray, or green. Carbonaceous material
and disseminated pyrite are present in many mudstone and siltstone beds,
Thin seams of mudstone and beds of clay-pebble conglomerate are common in
the upper sandstone units,

Brushy Basin member.,-- The Brushy Basin member averages about 40Q fset

in thickness in the Uravan'district. It consists of variegated shale,
claystone, and mudstone beds with some sandstone and conglomeratic sandstone
interbeds. Thin beds of quartzitic sandstone and siliceous limestone are
also present, The contact between the Brushy Basin member and the under-
lying Salt Wash member is gradational. The authors have selected the top
of the uppermost recognizable Salt Wash sandstone unit as the approximate
contact because, in the Uravan district, that unit is the most persistent in
the zone of the contact. The "approximate top of the uppermost Salt Wash
ore-bearing sandstone! indicated on figures 3a and 3b corresponds to this
selected Brushy Basin-Salt Wash contact. The few small uranium~vanadium
deposits in the Brushy Basin are in conglomeratic sandstone layers in the

bottom half of this member.
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Structure

The Uravan district lies between two major northwest-trending struc-
tures, the Uncombahgre Plateau uplift to the northeast, and the Paradox
salt anticline to the southwest. Between these structures is the San Miguel
syncline (fig. 2),,which strikes northwest through the central part of the
district, .In most of the district the beds dip about 50 or less toward the
axis of the San Miguel syncline; however, high on the flanks of major folds
the dip steepens sharply to 150 or more, and high-angle strike faults and
zones of intensely jointed sandstone strata are common. The best developed
joints parallel the strike of the major folds. Another joint set strikes

approximately normal to the trend of the major folds.
ORE DEPOSITS

Most uranium-vanadium deposits in the southern ﬁart of the Uravan
district are in sandstone units in the upper part of the Salt Wash member
of the Morrison formation. Mineralized rock in this zone consists mostly
of saﬁdstone impregnated with uranium and vanadium minerals. Lesser amounts
of uranium and vanadium minerals impregnate mudstone pebbles, films, and
seams and impregnate or replace carbonaceous material. Ore bodies range
from small irregular masses containing alfew tons of ore to large tabular
or lens-shaped masses containing several thousands of tons of ore. The
mineralized rock lies essentially parallel to the sandstone beds but does not
follow the beds in detail. Uranium-vanadium ore and the habits of ore
bodies in the upper part of the Salt Wash are described in detail by

Fischer (1942).
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A small outcrop of mineralized conglomerate has been prospected in the
Burro Canyon formation in the Bertie's Beauty No. 1 mining claim (fig. 3b;
élaim index No. 375). Some carnotite staining and sparse, disseminated vanadium
clay minerals are present. |

A few small deposits have been found in sandstone and conglomeratic sand-
stone beds in the bottom part of the Brushy Basin member. Brushy Basin deposits
have been mined on the Firecracker (fig. 3a claim index No. 199), the Double
Jack No. 1 (fig. 3b claim index No. 292), the Merry Widow (fig. 3a claim index
No. 9i), and the Naturita Nos. 11 and 24 mining claims (fig. 3b claim index Nos.
465 and 478 respectively). Most of the reserves found by U. S. Geological Survey
dfilling in block J (figs. 3a and 7) and all of the reserves in block Z (fig. 3b
and fig. 4 section E-E') are in the Brushy Basin. Manganese minerals are
commonly associated with uranium and vanadium minerals in most Brushy Basin deposits.,

Small but generally high-grade uranium-vanadium deposits are present in
lower sapdstone units of the Salt Wash in the southern part of the Uravan district.
Secondary copper minerals, including azurite and malachite, are aséociated with
uranium and vanadium minerals in these deposits but are rare in deposits in upper
sandstone lenses of the Salt Wash.

The Uravan mineral belt (Fischer and Hilpert, 1952) strikes north through
the western part of the explored area (fig. 2) and contains all but four of the
large deposits in the area. The metal ratio of uranium to vanadium in ore |
produced from the southern part of the Uravan district is about l:4; this is
slightly higher than the 1:5 ratio reported by Brew (1954) as the average for

deposits in the Uravan mineral belt.
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Mineralogy

In the southern part of the Uravan district most mineralized rock in the
upper part of the Salt Wash at or near the surface consists of oxidized uranium and
vanadium minerals in light-brown to yellow-brown limonite-stained sandstone,

Except where noted, the uranium and vanadium minerals described below have been
reported by Weeks and Thompson (1954) and by Heyl (1954). Carnotite

K2(U02)2(VOA), 3H,0 is the principal oxidized uranium mineral, and gray vanadium
hydromica of uncertain composition is the principal oxidized vanadium mineral.

Less abundant uranium and vanadium minerals identified in oxidized ore include
tyuyammite [Ca(U0,),(V0,),.5-8-1/2H,0] , metatyuyamuniteI:Ca(UOz)2(VOA)2.3—5H29:T,

rauvite [?aOOZUO 5V, 0 °léHZO] , pascoite [pa

32272 217
[:CaV6016,3—9H2q3 s, and hummerite [kzMg2v10028.16H20:].

In general, as the depth to ore increases, the mineralized rock consists of

,11H20:], hewettite

less oxidized uranium and vanadium minerals in light- to dark- gray pyritic sandstone.
There is no consiétent depth at which these changes take.place. The degree of oxi-
dation is dependent on several factors, the most important, of which are the proximity
or relationship to the ground»water-table or to local perched water tables, and

the relative porosity and permeability of mineralized beds and enclosing host

rock. Uranium minerals in unoxidized sandstone in the southern part of the

Uravan district include coffinite I:U(Sioh)1~x(OH)h;] and an undetermined

uranium oxide (probably uraninite,[:UOé] ); vanadium minerals in unoxidized and
partly oxidized sandstone include corvusite [ﬁéOA.6V205,nH20(?i] ’ montroseite’

[:VO(OH), or (V,Fe)O(OHi:L and paramontroseite [:VOZ:].—/

3

_/ (A. G. King, written communication, May 1955).
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Origin and localization

The source of the uranium and vanadium and the factors that
controlled emplacement of ore bodies in the Uravan district, as elsewhere
in the Colorado Plateau, remain imperfeétly ugderstood. No explanation
for these enigmas in the Uravan district are offered at the present time;
however, results of detailed rim study, mine mapping, and partial compilatiogﬁ
of drill-hole data make apparent several relationships that bear on origin and
localization. These relationships were reported by Boardman, Ekren and
Bowers (1956) and are summarized below.

Trends of primary sedimentéry structures in upper sandstone lenses of
the Salt Wash in the southern part of the Uravan district are generally east
to southeast. The strike of mineralized fossil logs, and the long axes of
the ore bodies and ground appraised as favorable for ore deposits are nearly
parallel to the strike of primary sedimentary structures. An en echelon
arrangement of ore deposits in the southern part of the district is probably
caused by an enechelon arrangement of sedimentary structures.

Although such features as primary sedimentary structures, carbonaceous
material, gray or green mudstone, and limonite or pyrite content appareﬁtly
are related to the localization of most of the ore deposits in the Uravan
district, these sedimentary and lithologic features are abundant in many
places in adjacent barren sandstone. Chemical and/or physical factors, that
controlled the precipitation of uranium and vanadium‘and the emplacement of
the deposits are as yet undetermined.

There is no significant difference in the 0308 and V205 contents of oxidized
and relatively unoxidized.ore. It is probable, therefore, that there has been
essentially no change in uranium-vanadium content by oxidation, and that oxi-
dation hés taken place nearly in situ.in most deposits.v -
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It is unlikely that the origin and localization of uranium-vanadium
deposits in the district are related to fractures. Fractures apparently
served as avenues for only secondary migration of small amounts of
uranium and vanadium leached from early ore minerals by ground-water

~solutions. Known faults in the district that cross ore bodies displace
the ore layers and some faults contain ore gouge and breccia derived from
thesé layers., |

The éoncept of the Uravan mineral belt (Fischer and Hilpert, 1952)
is supported by the results of exploration and geologic studies in the -
district., The common orientation of ore rolls and fossil logs nearly
normal to the trend of the belt in the explored area is believed to be
directly related to easterly or southeasterly sedimentary trends. Where
sedimentary trénds parallel the mineral belt, the orientation of ore rolls
and fossil logs is likewise parallel to the belt. Except for four large
depositsﬁeast of the belt near the Paradox Valley rim, there are only small
deposits known outside the belt in the Uravan district. We believe that the
belt widens near the northeastern edge of Paradox Valley and that the foﬁr
large deposits should be included in the belt.

Although the concept of the Uravan mineral belt cannot be seriously
questioned, the reasons for its existence and localization are matters of
conjecture. The belt represents a zone where favorable geoclogic environment
controlled deposition of ore minerals. The southern part of the Uravan district
has been explored as much as 5 miles east of the mineral belt and no lithologic
change in the ore-bearing beds has been detected in drill core. The only

change noted is a much lower background radioactivity of the ore-bearing and
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adjacent beds, as shown on gamma-ray logs of drill holes. In this ground,
léw background radiocactivity is present even where other geologic criteria
are appraised as favorable for the proximity of ore. West of the mineral
belt in and adjacent to the Uravan district, relationships between uranium-
vanadium deposits and the principal ore-bearing Salt Wash beds are unknown
because in most places the upper part of the Salt Wash has been removed by

erosion.
GEQOLOGIC GUIDES TO ORE

Several geologic features are useful in prospecting for uranium-vanadium -
deposits in the southern part of the Uravan.district. These features or guides-are
commonly associated with ore deposits and with ground near ore deposits. The
guides are useful beyond the limits of the'individual masses of mineralized
rock and thereby provide broader targets than the deposits.

McKay (1955) noted that the most favorable areas in the Uravan district
for uranium-vanadium deposits were areas where the persistent upper sandstone
stratum of the Salt Wash was predominantly of the channel type and where that
stratum was underlain by continuous green-gray mudstone, He observed that ore
was localized in scour-and-fill bedded sandstones within favorable areasaéf'
lenticular sanastones. The presence 6f these iarge—scale guides ééh be dé%hr-
termined by outcrop examination, and they are useful in appraising the relativé
favorableness of ground in close proximity to the outcrop.

Other geologic features in the vicinity of ore deposits can be recognized
in drill core and have been shown by Weir (1952) to be useful smdll-scale guides
to ore in appraising upper sandstone units of the Salt Wash in southwestern
Colorado. The following geologic criteria are useful small-scale guides for -
exploration in the southern part of the Uravan district: | |
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1. The ore-bearing sandstone units are 25 feet or more thick in
the vicinity of large ore deposits.

2. The ore—be;ring sandstones are.dominantly light brown or light
gray and have no reddish cast in the vicinity of ore deposits.

3. Mudstone and siltstone in contact with ore-bearing sandstone
are green or gray near ore deposits, instead of red or red brown.

L. Ore-bearing sandstone commonly contains abundant limonite spots
and stains or disseminated pyrite near ore deposits.

5. Carbonized plant remains are abundant in and near ore deposits.

Although each of these criteria is useful as an ore guide; no single
one is persistent enough or sufficiently dependable to be used alone to
appraise the relative favorableness of ground. The delimitation of
"favorable," "semifavorable," and "unfavorable'" ground in the southern
part of the Uravan district (figs, 3a and 3b) is based on an evaluation of
all geologic data determined from drill core, gamma-ray logs of drill holes,
and examination of outcrops of upper sandstone units of the Salt Wash. The
classification of the ground describes the relative favorableness for the
proximity oflminable ore deposits in these units.

In some parts of the explored ground east of the Uravan mineral belt,
drill core of the upper sandstone units of the Salt Wash was appraised as
favorable because of the presence of small-scale geologic guides listed above.
Gamma-ray logs of the drill holes, however, showed the background radioactivity
of these sandstone units and enclosing mudstone and siltstone beds to be so low
as to preclude the likelihood of ore deposits being near. As a result the

ground is classified semifavorable and unfavorable. In one such hole (LP 1308),
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the southerrmost hole drilled by the U. S. Geological Survey in the district
(fig. 3b), the top 16 feet of sandstone in the upper part of the Salt Wash is
bituminous and is impregnated with partly driea petroleum of a light or
probable paraffin base. The source of the petroleum is unknown, but oil
probably mig;ated into the sandstone along faults a few hundred feet southwest
of the drill hole.

Several efforts were made to develop new gﬁides to ore deposits in the

southern paft of the Uravan district. isorad‘maps were compiled of gamma-réy -

4 anomalies at the contact of the ore-bearing sandstone beds and overlying and

underlying mudstone and siltéfohe, as well as of maximum gamma-ray anomalies

in the ore-beéring sandstone units. An approximate correlation was made
bétween cerﬁain isorad values éhd the boundaries of mineralized ground; however,
efforté to find néw deposits using gamga—ray data were unstccessful.

| Maps showing the ratio of mudstone to sandsgone in the ore-bearing beds
were‘compiled, as were strucﬁufe contour maps of the tops and bases of %heée:
beds. These maps proved helpful in delineatiﬁg trends“of major stream

channels énd in eétimating depths of proposed drill holes but showed no' con-

sistent relationship of ‘these features to ore deposits. In the Long Park area,

‘ orevdeposits may occur in the thickest parts of the ore-bearing sandstone units -

(feéérve block A,‘fig;AS, and‘reserve block K, fig. 8), orrthe dépos&ts‘méyivi
oécur‘along the margin of deep sandstone filled channels where the sandstone'>
beds have thinned appreciably (reserve block B, fig. 6, and reserve block F,
fig. 8). |

Electric logs were made of several dozen drill holes in and near reserve
blocks E. G. and I (fié. 7). The major lithologic units penetrated by these
holes could be determined from the logs; however, no ﬁseful correlation was
apparent between electric log values and favorable ground, weakly mineralized

rock, or ore (Black, 1954). ce e
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GEOLOGICAL SURVEY EXPLORATION

U. S. Geological Survey exploration in the southern part of the Uravan
district was begun on April 21, 1949, in the Long Park area, and was completed
on August 20, 1955, During that period 1,400 diamond-drill holes totaling
489,567 feet were completed on six contracts. Of these totals, 1,371 holes
totaling 480,775 feet were drilled in the Long Park area; the remaining 29
holes totaling 8,792 feet were drilled on Third Park and adjoining bench and
on the Second Park bench (figs. 2, 3a, and 3b). Preliminary drilliég results
were reported at the end of each contract (Stephens,‘l9503 Stephen§ and Newman,
1951; Stephens and Ekren, 1952; Carter, 1953; Bowers, 1954, and Boardman, 1955),

Of the 1,400 holes drilled, 676 penetrated mineralized rock (rock containing
0;02 percent or more U308 or @.10 percent or more V205). Of the ho%es in
mineralized rock, 140 pen§trated mineralized rock 1 foot or more thick containing
0.10 percent or more U308or 1.0 percent or more V205. A1l but two of the holes
in mineralized rock are in the Long Park area.

About 30 percent of the total footage drilled in the southern part of the
Uravan district was used in wide-spaced holes (holes spaced more than 500 feet
apart) to test unexplored ground and to delineate areas appraised as geologically
favorable for the occurrence of ore deposits. About LO percent of the footage
was used in moderate-spaced holes (holes spaced 200 to 500 feet apart) to search
for new deposits in ground appraised as favorable for ore, based on the results
of wide-spaced drilling. The remaining 30 percent of the footage was used in
close-spaced holes (holes spaced less than 200 feet apart) to outline previously
discovered deposits. Nearly all close-spaced holes are in areas of reserve
blocks. The threc phases of drilling were conducted concurrently during each

drilling contract. The average depth of holes was about 350 feet.
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Except for four holes drilled to test only the mineralized Brushy
Basin zone in and near reserve block J (fig. 7, LP 1202, 1203, 1204, and
1231), all holes were driliec to test the ore=bearing sandstone units in
the upper part of the Salt Wash. Five widely separated holes were drilled
through the Salt Wash member in the Long Park area to obtain geologic
information for the complete Salt Wash sectlon. Gamma-ray logs were made
of the entlre hole or of the bottom 200 or more feet in approx1mate1y 93
percent of the total holes drllled '

About 70 percent of the holes were drllled on publlc land that was
withdrawn from mineral entry prior to U. S. Geological Survey exploration;
the remaining 30 pcrcent were drilled on mining claims.

Between Augqst 1952 and August 1954, thc U; S. Geological Survey,
in cooperation-wifh‘the U. S. Bureau of Mines, drilled five holes in the
Long Park area to obtaln core for "original-state core studies." The first
two of these holes (flg. 6 LP 530, reserve block H; LP 531, reserve block Q)
were drilled also as part of the U. S. Geological Survey's exploration
projectiin the Long Pafk‘area‘on the fourth drilling contréct,'énd‘ihc'
pnysicai aata.from thcse‘holes are included in this report. The thrcc”
subsequent holes were arilled on two separate contracts let especially
for the "Orlglnal-state core studies" project, and data from thesé holes
are not included in this report. The latest results of these studies on

the five holes in the Long Park area are{reported by ﬁanger (1955).
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RESERVES
"“Definitions and methods
Indicated and inferred reserves

The terms "indicated' and "inferred" reserves are applied to the
uranium- and vanadium-bearing material 1 foot or more thick:in the
deposits that are known from drill holes. These reserves are subdivided
by grade cutoffs, and the methods used in calcuiating them are explained
below,

Reserves that might beclassed as measured are included with indicated
reserves because the amount is so small as to be nearly negligible.

The erratic variations in thickness and grade of uranium- and
vanadium-bearing ores within short distances, and the general lack of
abundant sample data for individual reserve blocks preclude calculation
‘of‘more than a very small amount of measured reserves.

Indicated reéerves—/ are those for which the grade is computed from
drill-hole samples, and for which the tonnage is computed by projections
for a reasonable distance on geoclogic evidence from drill holes. Inferred
reserves are those for which quantitative estimates are based largely on
broad knowledge of the geologic character of the deposits, and for which

there are few, if any, samples or measurements.

_/ The definitions used here for indicated and inferred reserves
are abstracted from the definitions adopted by the Bureau of Mines and

the Geological Survey in April 1943.
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Because of the variations in thickness and grade of ore and the
scarcity of sample data, the indicated reserves in any single reserve
block might actually amount to as much as twice the calculated tonnage
or as little as one-half the calculated tonnage. The limit of error:of
the total tonnage for several blocks, however, is apt to be considerably
lower, perhaps not more than 25 percent of the calculated tonnage. For
this reason indicated reserves are not computed for single holes in reserve-
grade material that have not been offset or cannot be connected with known
deposits or mine werkings. The limit of error in the tonnage figures for
inferred reserves is apt to be higher than for indicated reserves. The
possible 1limit of error in the calculated or estimated grade for both
indicated and inferred reserves probably is smaller than the possible limit
of error in the tonnage figures, Early in 1953, an appraisal was made by
Bush and Stager (1954) of the accuracy of U. S. Geological Survey ore
reserve estimates for uranium-vanadium deposits on the Colorado Plateau.
The appraisal indicated that for individual deposits the original reserve
estimates of both tonnage and grade fanged from large overestimates to
very large underestimates. However, the original reserve eStimate for the
total reserves of all the deposits studied in the‘Uravan‘mineral belt was a
very. small-underestimate,

Thickness cutoff.--Although mining practices vary throughout the

region as well as with individual operators, under 1955 mining conditions
most ore bodies of average grade are being mined to where they pinch to a
layer about 1 foot thick. Layers of mineralized rock less than 1 foot

thick are mined in places if the grade is high. The tonnage of minable
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material less than 1 foot thick is small with respect to the total
reserve, angd for that reason reserves less than 1 foot thick are not
calculated.

Grade cutoffs,--At the present time the deposits are béing mined

for both uranium and vanadium. In thegsouthern part of the Uravan
district the oxides of these metals, U308 and VZOS’ occur in an average
ratio of about 1:6 as estimated from production data and assays of U. S.
Geological Survey drill core. Within the deposits, however, the two
metals are so erratically distributed that a single sample from a mine
face or drill core is not necessarily representative of the metal ratio

or grade of the material near the point sampled. Knowing this by experi-

_ence, the miner will drive toward a drill hole that shows a gocd value in

vanadium, even though the uranium content of the sample might be negligible,
Thus mineralized rock in the vicinity of this sample must be classed as
reserve, even though the sample shows a value for only one metal. The 1951
price schedules (U. S. Atomic Energy Commission, 1951) for ore shows that
the V,0; content of ore with the expected metal oxide ratio (1:6) consti-
tutes about one-third of the market value of the ore. Thus both metals
must be considered in reserve appraisals in selecting grade cutoffs,
Reserves 1 foot or more thick are classified by two grade cutoffs.
The higher cutoff (0.10 percent U308 or 1.0 percent V205) corresponds to
the U. S. Atomic Energy Commission purchase cutoff for uranium and the {
commonly used mill cutoff for vanadium. Reserves are also figured on a
lower cutoff (0.05 percent U 08 or 0,50 percent VZOS) because conditions

3
in the future might demand or permit the mills to accept lower grade
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material. These two classes are referred to as Class I and Class II re- .-
serves respe¢tively. Indicated and inferred reserves .of Class II haterial
include all such reserves of Class I material..

Reserves are not classified in this report according to their
availability for mining, although consideration was given to the 1955
mining and milling practices in selecting the thickness gnd higher grade
(Class I) cutoffs. Class I reserve figures therefore, correspond as
nearly as possible to the tonnage and grade of the material that might
actually be mined from these deposits under 1955 conditions.

Calculation of tonnage.--The method used for calculating the volume,

and hence the tonnage, of a reserve unit 1 foot or more thick is based
upon the premise that the reserve unit thickens or thins uniformly between
drill holes. The average thickness of the drill-hole samples that can be
combined within the specified grade class is assumed to be the éverage
thickness of the reserve unit.

In the Long Park area, which contains all of the reserves estimated
in the southern part of the Uravan district, indicated reserves are projected
between drill holes that are not more than 250 feet apart, if reserve layers
penetrated by these holes can be correlated. Indicatedﬁreserves»are not-.
projected more than hOlfeet beyond sample points, ﬁhere the edge of the .
reserve mass has not been located or where correlation of data between
sample points is lacking. Reserves are classed as inferred rather than .
indicated if the projection exceeds these lengths. Inferred reserves are;

projected to the assumed limits of the reserve mass, as determined by

geologic evidence and interpretation.

s Gqn PEREA
o e e . Lo ' R SRR
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A constant of 14 cubic feet of rock per ton is used to calculate
tonnage.

Calculation of grade.--The average grade of the indicated and

inferred reserves is calculated by weighting the assay values accord-
ing to the thickness of all samples that qualify as reserves within
the grade and thickness limits. As strict grade cutoffs are used, it
is generally expected that the average grade assigned to the reserve
blocks will be somewhat higher than the average grade of the ore that
will be eventually mined from them, because of unavoidable dilution
of the ore with waste and low~grade material during mining. The
tonnage assigned to these blocks, however, should be somewhat lower
than the tonnage mined from them, because of the increment of waste
and low-grade material.

Resérve blocks.--Masses or units of mineralized rock that consti-

tute an indicated or inferred reserve, as defined by the thickness and
grade cutoffs, are called reserve blocks. The geometric limits of
reserve blocks are determined by the rules used in calculating reserves.
(See abovey). The exact positions of the reserves within the reserve
blocks are not shown on the figures accompanying this report though

the mineralized ground that contains the blocks is designated by

block letters. Where mineralized layers overlap, even though they
contain two or more masses of reserves, a single block letter is
assigned, and the total tonnage of these masses, as well as their

weighted average grade, is calculated.
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Potential reserves

In addition to the known deposits, other deposits are probably
present that have not yet been found. These deposits are predicted
solely on interpretation of geologic evidence, for there is no
physical proof of their existence. The term "potential" reserves
is applied to the material in these deposits. The thickness and
grade cutoffs used in estimating potential reserves are the same as

those used in calculating Class I indicated and inferred reserves.

long Park area reserves

Indicated and inferred reserves

Indicated and inferred reserves found by U. S. Geological
Survey drilling in the southern part of the Uravan district are
in the Long Park area. A summary of Class I and Class II indicated
and inferred reserves found by U. S. Geological Survey drilling in
the Long Park area is given in table 3. The calculated tonnage and

grade of Class I and Class II indicated and inferred reserves for

each reserve block are shown in table 4. The location of the reserve

blocks and several geologic sections showing the position of the
mineralized rock in the blocks are shown on figures 3 through 8.
About 80 percent of the €lass I reserves are in 12 reserve blocks
that are partly or entirely in public land. Thesg reserve blocks

have been described previously in preliminary reserve statements

(Bieber, 1954 ; Bieber and Bowers, 1954; Boardman, 1954; Bowers, 1955a;
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Table 4.--Indicated and inferred rescrvesl/ estimated for reserve blocks

found by U. 8. Geological Survey drilling, long Fark area,
Uravan district, Montrose County, Colo.

INDICATED INFERRED
Grade cutoff Grade cutoff Grade cutoff Grade cutoff
0.10% U40g or 0.05% U30g or 0.10% U30g or 0.05% U30g or
 1.0% V205 0.50% V205 1.0% V205 0.50% V205
Block Location Short Percent Short Percent Short Percent Short Percent
No. (claims) tons U308 V205 tons U308 V205 toms U308 V205 toms U308 V205
A Public land 35,500 0.20 1.56 72,100 0.17 1.23 21,000 0.20 1.25 32,000 0.11 0.98
Corporation No. 1 <
Dew Drop No. 1
Hidden Basin Nos. 1,
3,4
Hot Box Nos. 1,2
THT No. 3
W.H.P.
B Public land 17,900 0.27 2.10 37,600 0.18 1.8 1,500 0.27 2.10 3,300 0.18 1.48
Virgin No. 3
c Public landg/ 2,500 0.16 ' 1.68 14,600 0.20 1.51 5,800 0.29 2.20 700 0.05 2.08
Dusty ,
D Public lan 5,800 o.54 2.8 11,000 0.34 1.93 1,600 0.3% 1.93
TNT No.
E Public land 7,600 ok 1.66 9,500 0.36 1.b7 2,800 Oo.l4 1.66 5,100 0.25 1.17
Guadalcanal
r Public land 10,200 0.23 1.68 20,600 0.20 1.34% 1,500 0.39 1.91 1,k00 0.19 1.45
G Public land 6,600 0.2s 2.06 12,200 0.19 1.20 6,100 0.2k 1.92 10,600 0.20 1.2
Mineral Park No. 1
B Public land 4,700 0.23 1.70 5,&00 0.20 1.5% 6,900 0.23 1.70 13,300 0.1% 1.19
First National Bank .. -—
Second Rational Bank
I Public land 20,900 0.4l9 3.02 23,000 O0.45 2.76 8,800 0.46 2.37 10,200 0.38 2.11
Guadalcanal .
Mineral Park No. 1
J Public land 4,900 0.3+ 2.7% 5,700 0.30 2.45 650 0.27 1.88 650 ©0.27 1.88
K Public land 21,800 0.20 0.91 39,800 0.14 0,77 5,700 0.3% 0.50 10,300 0.25 0.57
L Public land 600 0.30 2.21 4,600 0.24 1.95 4,700 0.29 2.18 3,100 50.23 1.91
N Public land 5,600 0.30 3.00 5,600 0.30 3.00
Vanadium King No. 6 ’ _
N Fifth National Bank 1,500 0.01 1.02 2,700 0.18 1.04
Long Park No. 9
P THT No. 3 800 0.15 1.03 1,500 0.09 0.96

l/ Reserves of 1,000 short tons or more rounded to the nesrest 100 short tons. Reserves of less

than 1,000 short tons rounded to the nearest 50 short tons.

2/ Estimates revised from those given by Stephens and Cramer (1951).
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Table b.--Indicated and inferred reservesl’ estimated for reserve blocks found by U. S.
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Geological Survey drillg.ng, Long Park ares, Uravan district, Montrose County,

0010 . "contmmd [
INDICATED . INFERRED
Grade cutoff Grade cutoff Grade cutoff Grade cutoff
0.10% U30g or 0.05% U30g or 0.10% U308 or 0.05% U308 or
1.06 V05 0.50% V05 1.0% V05 0.50% V205
Block Location Bhort. Percent Short Percent Short Percent Short Percent
Ko. {(claims) tons U303 V05 tons U308 V05 tons U303 V05 toms U308 V305
Q Public land 550 1.00 2.10 .2,700 0.22 0.8
R Vanadium King No. 6 1,800 1.15 5.72 2,600 0.81 4.16
Virgin No. 3
S Public land 20,600 0.37 3.20 27,000 0.31 2.62 2,700 0.37 3.20 2,700 0.37 3.20
Wednesday
Thursday
T Purple Sage No. 1 900 0.13 1.66 900 0.13 1.66
Purple Sage No. 2
Purple Sage No. 3
U Sendy Vanadium No. 6 3,900 0.59 3.42 5,800 0.0 2.3 700 0.14 3.65 1,000 0.11 2.83
Vanadium Queen No. 3
Public land
v Public land 1,200 0.26 0.28 1,900 0.20 0.2k
W Firecracker k,800 0.24 3.42 5,600 0.21 3.05
Public land
X Public land 550 0.29 1.00 550 0.29 1.00
Y Ruth K 600 0.26 0.25 1,100 0.15 0.16
Z Plat Top No. 2 550 0.42 1.00 550 0.hb2 1.00
Flat Top No. 4
AA Pirst National Bank 1,700 0.07 0.30
BB Blackbird 1,600 0.01 0.55
cc Public land 550 0.02 0.80
Radium King No. 3
DD Public land 1,200 0.09 0.30
Totals 168, 300 0.31 2.13 294,500 0.23 1.60 82,500 0.30 1.85 121,100 0.21 1.35
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Bowers, 1955b; Ekren, 1954; Litsey, 1955; Newman, 1951; Stephens, 1951;

and Stephens and Cramer, 1951). Four of these reserve blocks are in the

three U. S. Atomic Energy Commission leases (figs. 3a. 5, and 6).
Approximately 75 percent of the total reserves are in public land;
the remaining 25 percent are in mining claims,

Table 5, at the back of this report, lists assay data both for
holes in miperalized rock in individual reserve blocks and for other

holes in mineralized rock.
.Potential reserves

Class I potential‘reserves in deposits not yet found, total

about 110,000 short tons containing about 0.25 percent UBOS and

1.50 percent V205. Most of these potential reserves are predicted

in deposits ranging in size from 1,000 to 20,000 short tons in the
eastern part of the belt of favorable ground through Long Park (figs.
3a and 3b). A few small deposits, mostly 1,000 short tons or less,
are believed to lie in ground outside of this favorable belt in the
Long Park area. Several deposits of a few hundred short tons or less

are predicted in the explored area east of the San Miguel River;

nearly all of these deposits are expected in Brushy Basin beds,
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PLANS AND RECOMMENDATIONS

No additional exploration is planned by the U. S. Geological Survey
in the southern part of the Uravan district. Geologic data from U, S.
Geologicai Survey drill holes in all areas in the Uravan district will
be compiled on maps for publication. In addition, a U. S. Geological
Survey bulletin will be prepared on the geology and ore deposits in the
district.

Drilling from the surface by claim owﬁers and lessees i1s recommended
in the belt of favorable ground through Long‘Park to find new ore bodies,
Although the depth to the ore-bearing beds in places is about 600 feet,

a few large ore bodies are expected in the eastern part of the favorable

belt, where moderate- and wide-spaced drill holes have penetrated strongly ‘
mineralized rock too thin to be classed as reserve. Underground drilling

and drifting by claim owners and lessees is recommended in mine

workings in favorable ground to develop additional reserves and to find

new ore bodies.
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